fishermen's opinion is that the cormorants have caused a decrease in the pikeperch stock and their 66 catches (Salmi et al. 2010 ). In recent years, in the most important pikeperch fishing area delimited 67 permissions have been allocated to the fishermen's association primarily to drive off the cormorants 68 before egg-laying (Rusanen 2014) . 69
The cormorants inhabiting the Finnish coast of the Baltic Sea feed on about thirty fish species 70 including economically valuable target species of commercial fishery, such as pikeperch and perch 71 high level compared to the 1980s (Fig. 2) . The minimum allowable landing size of pikeperch is 37 cm 136 total length. Due to several strong year classes, the catches were at highest in the latter half of the 137 Archipelago Sea mainly in the inner archipelago, but is almost absent in the outer archipelago (Salmi 145 et al. 2015) . 146
The fishing effort of commercial fishermen in the Archipelago Sea increased in the period from the 147 1980s to the mid-2000s. In recent years, the effort has decreased and many of the fishermen have 148 moved to the innermost archipelago, mainly due to the damage caused by the grey seals. On the 149 contrary, recreational rod fishery has become more popular and the share of the recreational catches 150 has grown during the 2000s (Heikinheimo et al. 2014) (Fig. 2) . 151
Estimation of predation mortality caused by cormorants 152
The annuals numbers of individuals in each age group in the pikeperch stock, resulting from the virtual 153 population analysis (VPA) estimation (Heikinheimo et al. 2014), were used to calculate the share 154 utilized by cormorants, and the predation mortality, in 2009 and 2010. The numbers of pikeperch 155 consumed by each colony, including the non-breeding cormorant individuals, were summed to get the 156 total number of pikeperch consumed (Tables 1 and 2) . 157
The number of pikeperch taken by cormorants in one year (C) is related to the pikeperch abundance in 158 the sea through the equation 159 In this case C was known, M o was assumed an age-specific constant, F was estimated by the VPA, and 167 M c and Z were unknown; thus the value for M c could be found by iteration (the Solver tool in Excel), 168 searching the value that produces C (the number of pikeperch consumed). Z was calculated by 169 summing M c +M o +F. A similar iterative procedure has been used in the multispecies VPA (MSVPA) 170 (Sparre 1991) . 171
Finally, the total mortality in percentages caused by cormorants on pikeperch before recruitment to 172 the fishery (A c (t)), assuming that M c is constant between years, was calculated as 173
where t is the time in years during which the pikeperch are vulnerable to the cormorant predation. The 176 pikeperch mainly recruit to the fishery at the ages 5-8 as they reach the legal catchable size (37 cm 177 total lenght). Thus A c (t) represents the effect of cormorants on the catchable pikeperch stock. Pellets and regurgitates were collected from the colonies during the nesting period. The remnants of 204 fish were identified to species or genus level, and the fish lengths were calculated, using pharyngeal 205 teeth and chewing pads (cyprinids), otoliths or vomer bones. Detailed description of the handling of the 206 samples in 2010 is presented by Salmi et al. (2015) . In 2009, the weights of partly digested prey fish in 207 the regurgitates were not corrected, but in 2010 this was done by estimating the original lengths of the 208 prey and using the species-specific length-weight relationships (Salmi et al. 2015) . 209
In the estimation of the food consumption in the cormorant colonies we assumed that the birds arrived 210 to the area in the beginning of April and the breeding season was ended by the end of July. However, 211 the arrival is dependent on the ice cover which probably caused a delay of some weeks in the years in 212 question, but this was not taken into account. The cormorants were assumed to leave the area inD r a f t was taken into account in the food consumption estimates (Tables 1 and 2 ). In most cases the birds did 215 not start new nesting after the nests were destroyed. However, in 2009 more than 400 pairs built new 216 nests at the Kluppi colony and had chicks, though less than normally. In this case it was assumed that 217 each pair had one chick (Table 1) . 218
The food consumption of adult cormorants varies from 436 g to 542g per day depending on the season 219 (Ridgway 2010). The chicks need less food in the beginning compared to adults, but after about two 220 weeks from hatching the consumption equals that of the adults (Barrett et al. 2007 ). In the current 221 study, a mean consumption 400 g fish by an 'average cormorant' per day was used for the whole 222 population, both adults, subadults and chicks (Engström 1997), but sensitivity analysis was performed 223 using 500 g as a mean consumption. Two chicks per nest were assumed to survive and grow to 224 fledglings. The share of non-breeding individuals in the adult population was assumed at 25% in April 225
and 40% in the period from May to July (Lehikoinen 2003). To include the consumption in August and 226
September, when the breeding population gradually leaves the breeding area and migrate southward, 227 25% was added to the total consumption of the breeding season (Lehikoinen 2003). In the current study 228 the food consumption of the breeding population only was included. Already from late August onwards 229 migrants in the Archipelago Sea may be dominated by the nominate subspecies P. carbo carbo, 230 presumably originating from northern Norway (Rusanen et al. 2012) . 231
In 2009 six colonies and in 2010 three colonies were illegally destroyed, probably by local people who 232 consider the cormorant an undesired species. In these cases it was assumed that the adult birds 233 remained in the adjacent area, i.e. only the consumption of the chicks was subtracted. In 2010, as part 234 of experiments aiming at mitigating the contradictions with fisheries, the cormorants were driven away 235 from two colonies when they tried to start nesting, and these birds were assumed to have joined other 236 nearby colonies (Table 2 ). In one colony (Kalmanhohde) the breeding success was lowered by 90% by 237 egg-pricking. 238
The percentages of pikeperch in the diet in terms of biomass in each separate colony in 2009 and 2010 239 were used to calculate the biomass of pikeperch consumed by cormorants (Tables 1 and 2 ). For thoseD r a f t colonies from which no samples were available, the diet data from an adjacent colony was applied, or if 241 the colony was situated in a different environment than the adjacent colony, the share of pikeperch was 242 roughly estimated using an average value of the outer and inner archipelago (Tables 1 and 2) . 243
The number of pikeperch taken by cormorants in each colony was calculated by dividing the biomass 244 consumed by the mean weight of the pikeperch in that colony. With the fresh regurgitates, the lengths 245 of undigested pikeperch individuals and length/weight relationship from trap net samples were used to 246 calculate the mean weight of the pikeperch. For pellet data, the length of each individual pikeperch was 247 estimated on the basis of the length of the otoliths, and as in previous case, the mean weight of 248 consumed pikeperch for each colony was calculated using the length/weight equation (Salmi et al. 249 2015) . 250
Abundance of pikeperch 251
The annual abundance of the pikeperch population by age group from the stock assessment (virtual 252 to Vainikka and Hyvärinen (2012) the natural mortality in young pikeperch in Lake Oulujärvi was 263 much higher, 1.5 at the age 1 and 1.0 at the age 2. These values were based on a stock assessment using 264 the VPA, and the recapture rate from pikeperch stocking in Lake Oulujärvi. To examine the effect ofD r a f t the uncertainty in the natural mortality rate on the results, we performed sensitivity analysis using 266 different combinations of age-specific mortality values. However, the highest values used were lower 267 than in Lake Oulujärvi because the mortality of naturally born fish is probably lower than that of 268 stocked individuals (Table 3) . 269
Results 270
The total food consumption of the cormorant population in the breeding season in the study area was 271 704 tonnes in 2009 (Table 1) area, the length classes used by cormorants included mainly 2-4 year old pikeperch. However, 280 according to Salmi et al. (2014) the cormorants also utilized one-year-old pikeperch in 2010, but the 281 age distribution was from trap net catches and not based on age determination from the otoliths in 282 pellets. Generally, the size classes of pikeperch found in the diet of cormorants (13-29 cm) mainly 283 correspond to the age groups 2-4, even if there may be occasionally younger or also older, in most 284 cases slow-growing fish included. In the mortality estimation we did not assume the age 1 to be 285 included because the mortality at this age is large and varying, and thus the number of one-year-old 286 fish in the population is highly uncertain. 287
In 2009, the number of pikeperch in the population in the age groups 2-4 was estimated at 10-18 288 million depending on the assumptions on the natural mortality rates (Table 3) abundance varied between 3 and 9 million, estimated using the lowest values of natural mortality (Fig.  292   3) . 293
On the basis of the 2009 data, the instantaneous mortality of young pikeperch caused by cormorants 294 was 0.08-0.13 per year on the average, covering all alternative patterns assumed for natural mortality 295 (Table 3 ). The share of cormorant-induced mortality from all mortality was 12-34%, the total 296 mortality (Z) ranging from 0.39-0.69. If we assume that the mortality was constant over the period 297 when the young pikeperch were exposed to cormorant predation, the share of young pikeperch that 298 died during those three years was 69-87%, and the mortality caused by cormorants was 23-11%, 299 respectively (Fig. 4) . The latter is the estimated effect of cormorants on the abundance of pikeperch 300 recruiting to the fishery at the age of 5-8 years. According to the stock assessment, the mortality 301 caused by fishing was low at the ages 2-4, only 3-5% in total, even if the fishing pressure is high and 302 occasionally considerable numbers of young pikeperch are caught as bycatch in trap nets, gill nets and 303 with rods. 304
With the high daily food consumption (500 g), the annual cormorant-induced mortality was 0.11-305 0.16. The total percentage mortality caused by cormorants during three years would be 13-26%; i.e. 306 25-13% larger than with the lower assumed food consumption, respectively. 307
In 2010, the number of cormorants in the study area was lower and the percentage of pikeperch in the 308 diet was smaller compared to the data from 2009. The estimate of cormorant-induced mortality ranged 309 from 0.04-0.07 per year, and the total mortality from 0.34-0.70 (Table 3 ). The mortality caused by 310 cormorant predation was 5-20% of the total annual mortality. According to the results from 2010, the 311 total mortality in three years (ages 2-4) would be 64-88%, and the mortality caused by cormorants 312 (effect on the pikeperch stock at the recruitment to the fishery) 4-13% (Fig. 4) . In 2010, the fishing 313 
Discussion 325
The annual instantaneous mortality of young pikeperch caused by cormorant predation was estimated 326 to range from 0.04 to 0.13 in the years 2009-2010, depending on the assumed rate of total natural 327 mortality in the analysis. In total, during the period of life when the pikeperch are most vulnerable to 328 predation, assuming that the annual mortality rate was constant, the cormorant-induced mortality was 329 4-23%, which can be interpreted as the effect on the pikeperch stock at recruitment to the fishery. The 330 rate of cormorant-induced mortality varied largely between years. According to sensitivity analyses, 331 using high daily food consumption (500 g) of cormorants in the calculation raises the upper range of 332 the percentage effect to 26%. The mortality estimates were most sensitive to the natural mortality rate 333 from other sources, such as other predators, diseases and parasites. The other predators that could 334 cause mortality in young pikeperch are mainly pike, which is common in the same habitats as assume, that the denser the prey population, and the higher the other natural mortality, the less 340 plausible it is that the cormorants could cause significant additive mortality. 
2014). 407
We had diet data from part of the colonies only, and the share of pikeperch had to be estimated for 408 other colonies. However, as the composition of the diet depends on the availability of the prey 409 species, it can be assumed that the diet did not considerably deviate in nearby areas where the fish 410 assemblage was similar. The largest colonies were sampled in both years. In 2010, the diet samples 411 were taken using two different methods and partly from different colonies, but the resulting estimated 412 numbers of pikeperch consumed were close to each other (357 000 and 375 000). 413
There are also other uncertainties arising from the sampling, e.g. large fish and large otoliths may be 414 better preserved in the stomachs and therefore the share of large individuals or species with large 415 otoliths may be overestimated. Further, the cormorants might take pikeperch that were released from 416 the fisheries catches, such as trap nets which occasionally take large amounts of undersized pikeperch. 417
These sources of error could have caused some overestimation of the share of pikeperch in the diet. The predation rate by cormorants on a given prey fish species depends not only on their abundance 465 but also on the density of other potential suitable-sized prey, and to accurately predict the effect of 466 cormorants on the commercially valuable fish species, a multispecies functional response should be 467 Iso Mustiletto E 0 Nesting prevented Table 3) . 
